We study the dramatic decrease in iron absorption strength in the iron lowionization broad absorption line quasar SDSS J084133.15+200525.8. We report on the continued weakening of absorption in the prototype of this class of variable broad absorption line quasar, FBQS J140806.2+305448. We also report a third example of this class, SDSS J123103.70+392903.6; unlike the other two examples, it has undergone an increase in observed continuum brightness (at 3000Å restframe) as well as a decrease in iron absorption strength. These changes could be caused by absorber transverse motion or by ionization variability. We note that the Mg ii and UV Fe ii lines in several FeLoBAL quasars are blueshifted by thousands of km s −1 relative to the Hβ emission line peak. We suggest that such emission arises in the outflowing winds normally seen only in absorption.
INTRODUCTION
Quasars are a subtype of active galactic nuclei (AGN). A quasar consists of a super-massive black hole (SMBH) surrounded by an accretion disk (Shakura & Sunyaev 1973) which can emit enough light to outshine the entire surrounding galaxy. Viscosity within the accretion disk converts gravitational potential energy to thermal energy (Netzer 2013) . The sum of black-body curves from the disk leads to a power law spectrum in the rest-frame near-UV and optical (Kembhavi & Narlikar 1999) .
Scattering or absorption of flux by surrounding media results in broad or narrow absorption line troughs in quasar spectra. A broad absorption line (BAL) quasar is, historically, defined as a quasar that exhibits blueshifted absorption due to the C iv doublet at λλ 1548.203, 1550.770Å that is at least 2000 km s −1 wide and is found in the velocity range 3000 km s −1 to 25000 km s −1 where 0 km s −1 is at the systemic redshift of the quasar and positive velocities indicate motion toward the observer.
As discussed in Hall et al. (2002) , there are three types of BAL quasars. High-Ionization BALs exhibit absorption due to relatively high-ionization ions such as C iv, Si iv, or N v. Low-Ionization BALs (LoBALs) also exhibit broad absorption due to elements in comparitively lower ionization states, such as Al iii or Mg ii. If the quasars also exhibit broad absorption due to excited ⋆ E-mail: arafiee@yorku.ca states or levels of Fe ii or Fe iii, they are referred to as Iron LoBALs (FeLoBALs) (Hall et al. 2002) .
Approximately 25% of quasars exhibit BAL phenomena (see discussions in Rogerson et al. 2011 and Allen et al. 2011) , and this fraction increases when narrower (500 − 2, 000 km s −1 ) mini-BAL troughs are included in the census (see Rodríguez Hidalgo, Hamann & Hall 2011 for a full discussion on mini-BAL quasars).
In the context of the disk-wind model of luminous AGN, broad and blueshifted absorption is interpreted as obscuring material lifted off the accretion disk surrounding the SMBH and accelerated by radiation line driving and perhaps magnetohydrodynamical effects to high outflow velocities (e.g., Murray et al. 1995 , Ostriker et al. 2010 . The disk-wind model is widely accepted as it explains, in broad terms, the observed features in quasar spectra; however, it does not constitute a fully formed theory of accretion physics and outflows.
Outflows, manifested as BALs, provide insight into the dynamical and chemical properties of the central engines of quasars (e.g., Elvis 2000 , and see § 4.5 of Dunn et al. 2010) . Moreover, at such high outflow velocities and sufficiently large kinetic luminosities, BAL winds may also represent a mechanism by which SMBHs provide feedback to their host galaxy and play a significant role in massive galaxy formation and evolution (e.g., Moe et al. 2009 , Arav et al. 2013 , Chamberlain, Arav & Benn 2015 , Hopkins et al. 2016 .
Variability of broad absorption troughs has been c 0000 RAS
widely reported in the literature as far back as the early 1990s (e.g., Gibson et al. 2008 ; see Table 1 in Filiz Ak et al. 2013 for sample of BAL variability studies). These works find that BAL troughs vary in their depth, width, and velocity profile on both short and long timescales. The cause of variability is likely due to a mixture of transverse motion of absorbing clouds across our line of sight (e.g., Hall et al. 2011 ) and changes in the ionization of the absorbing gas or changes in the optical depth of the absorbing gas (e.g., Hamann et al. 2008 , Filiz Ak et al. 2013 . By studying the variability of these dynamic troughs, we can gain new insight into the central engines of AGN, the physical parameters of their outflows, and the connections between those outflows and the AGN host galaxies. In this paper we present spectroscopic and photometric data on three quasars that appear to form a subclass of quasars transitioning away from FeLoBAL status through loss of iron absorption. We identify and discuss troughs in which absorption has changed, present the spectral energy distributions (SEDs) of all three quasars, and discuss the implications of these observations. We adopt cosmological parameters of H0 = 70 km s −1 Mpc −1 , ΩM = 0.3 and ΩΛ = 0.7.
SPECTROSCOPIC AND PHOTOMETRIC DATA
The SDSS (Sloan Digital Sky Survey) began operations in 2000. The survey used a dedicated 2.5m telescope with CCD imaging in the ugriz bands (Doi et al. 2010 ) and spectroscopy to catalog objects over a large area of the sky (York et al. 2000) . The original spectrograph produced over 1.5 million spectra, and as part of SDSS-III (Eisenstein et al. 2011 ) was upgraded in 2009 for the BOSS (Baryon Oscillation Spectroscopic Survey) (Smee et al. 2013) . To date the SDSS has produced spectra for over 300,000 quasars (Paris et al. 2015, in preparation) . The BOSS took spectra over ∼3600−10400Å in the observed frame, expanding on the original survey range (∼3800−9200Å). The other astronomical surveys used for data analysis in this paper come from CRTS, GALEX, 2MASS, and WISE. CRTS (Catalina Real-Time Transient Survey) is a synoptic astronomical exploration covering 33,000 square degrees of the sky (Drake et al. 2009 ); the Catalina Sky Survey (CSS) component of the CRTS obtained the data used in this paper. GALEX (Galaxy Evolution Explorer) is a space telescope collecting data in the ultraviolet range (Morrissey et al. 2007 ). 2MASS (Two Micron All Sky Survey) scanned the sky in the nearinfrared J, H and K bands (Skrutskie et al. 2006) . WISE (Wide-Field Infrared Survey Explorer) collected data at four infrared wavelengths centred between 33 and 221 µm (Wright et al. 2010 ).
Quasar Redshifts
For convenience, we give the redshifts we adopt for our quasars here, before discussing each quasar individually. For the quasar SDSS J084133.15+200525.8 (hereafter J0841), we adopt a redshift of z = 2.337 ± 0.003 based on matching the non-BAL composite quasar of Reichard et al. (2003a) Figure 1 . Spectra of J0841 in the SDSS spectral epoch (red) and the BOSS epoch (blue). The magenta and cyan curves on the botton correspond to the 1-σ uncertainties of the flux of the red and blue epochs respectively. The bottom axis shows observed-frame wavelengths, and the top axis shows rest-frame wavelengths. The top axis is labeled using a redshift of z = 2.337. The tick marks of the top axis are every 100Å with labels every 500Å. The tick marks of the bottom axis (facing out) are every 200Åwith labels every 1000Å. The BOSS epoch is normalized as a function of wavelength, with the condition that the differences between 9095 < λ < 9210Å are minimized (see §2.2.1).
rest-frame >2700Å. The SDSS DR10 quasar catalog (Pâris et al. 2014) gives a visual inspection redshift of z = 2.342. For the quasar SDSS J123103.70+392903.6 (hereafter J1231), we adopt the Principal Component Analysis redshift zP CA = 1.0227±0.0004 from the SDSS DR12 quasar catalog (DR12Q, Paris et al. 2015, in preparation) . Note that this differs from the z = 1.004 reported in passing by Liu et al. (2015) and the z = 1.0038 adopted by McGraw et al. (2015) .
For the quasar FBQS J140806.2+305448 (hereafter J1408), we adopt the value of z = 0.848 used in Hall et al. (2011) , for consistency. The SDSS spectrum redshift according to is z = 0.845 ± 0.001, while the BOSS spectra yield a lower redshift of zP CA = 0.8310 ± 0.0004 (Paris et al. 2015, in preparation) . These different redshifts are likely related to the emission-line blueshifts discussed in § 3.4.
Quasar J0841

Spectrophotometric Correction
We use improved-sky-subtraction DR7 spectra from .
The BOSS spectrophotometric standard stars were taken through fibers placed to optimize throughput at 5400Å. However, the BOSS spectrum of J0841 was taken through a fiber placed to optimize throughput at 4000Å (Dawson et al. 2013) . Thus, the spectrophotometric flux calibration of the BOSS spectrum of J0841 is systematically in error. Margala et al. (2015) have modeled this effect and calculated a wavelength-dependent correction factor C λ for each affected BOSS spectrum.
In the case of J0841, we find that the correction predicts too large a change in brightness as compared to that observed in the CRTS observations (see §2.2.5). We therefore rescale the correction C λ to C ′ λ = 1 + B(C λ − 1) such that the value of C ′ λ at 9095 < λ < 9210Å brings the SDSS spectrum into agreement with BOSS spectrum at those wavelengths. Furthermore, using this rescaled correction instead of the original Margala et al. correction brings the magnitude differences between the SDSS and BOSS epochs estimated from spectroscopy into better agreement with the magnitude difference between those epochs measured using CRTS photometry. (Because CRTS uses a broad, non-standard filter only approximately calibrated to the V band, we do not attempt to compare magnitudes. Instead, we compare just the change in the CRTS V magnitude to the changes in our synthesized g and r magnitudes.)
We check our rescaled correction using nine other quasars with spectra on the same two plates as J0841. A rescaled correction with the same value of B is a better fit in six of nine cases (assuming the only difference between epochs for each quasar was due to the need for correction). One possible explanation for why the rescaled correction is a better fit is that the seeing when our spectra were taken was on average better than assumed by the correction algorithm.
In Figure 1 , we plot the SDSS and rescaled BOSS spectra of J0841, from epochs 53705 and 55567 (2005 and 2011) respectively. We observe a large change in flux due to an absorption decrease between the two spectra.
Black Hole Mass Estimate
For J0841, the value of L bol from Shen et al. (2011) is suspect because it is based on a partial detection of Mg ii in the SDSS spectrum, whereas the BOSS spectrum covers the whole Mg ii region and the luminosity at 2900Å as suggested by Mg ii calibrations, see e.g., Rafiee & Hall (2011 ), Assef et al. (2011 .
Using F2900 = 5.5 × 10 −16 erg s
28 cm, and a 2900Å bolometric correction of BC2900 = 5 ± 1 (Richards et al. 2006) , we find
47 erg s −1 . Due to strong absorption within Mg ii emission line, a clean black hole mass measurement is not possible from this object's BOSS spectrum. For our calculations, we adopt MBH = 6 × 10 9 M⊙ and thus L Edd = 3.8 × 10 47 erg s −1 with Eddington ratio of L bol /L Edd = 0.45. The black hole mass and Eddington ratio are used to calculate transverse velocities of bulk motion in our discussion.
Trough Identification
In this quasar there is blended narrow associated absorption at z = 2.3225, z = 2.3184, and z = 2.3125, or lineof-sight blueshifts of 1310 km s −1 , 1680 km s −1 , and 2210 km s −1 relative to the adopted rest frame of z = 2.337 (see Fig. 3 ). The absorption at z = 2.3225 and z = 3.3125 is visible in many transitions, but with relatively weak Fe ii and possibly Fe ii * absorption. The normalized residual flux does not change significantly between the two epochs in the transitions with the deepest troughs but does increase in transitions with less deep troughs, such as Al iii. The absorption at z = 2.3184 is only seen directly in N v and Al iii, which have the widest doublet separations among detected transitions; other transitions are too blended for this system to be distinguished. (An intervening Mg ii absorption system at z = 0.8166 produces a narrow absorption doublet near 5090Å.)
The broad absorption is strongest at z = 2.226, or a line-of-sight blueshift of 10,100 km s −1 . Centred on that redshift, there are overlapping troughs of Fe ii (from both ground and excited states) which weaken dramatically between our two spectral epochs. Also weakening are troughs of Si ii + Si ii * , Ni ii, Al ii, Fe iii * , Zn ii, Cr ii, and Mg ii.
However, the bottoms of the troughs in Ni v, C ii + C ii * , C iv and Al iii are consistent with having the same flux at both epochs. Unchanged flux in both epochs likely indicates saturated absorption in those troughs.
The C iv absorption trough is ≥10,000 km s wide. In the second spectral epoch, the typically strong C iv emission line is beginning to be recognizable, along with the 1900Å emission complex (consisting of C iii], Fe iii, and other lines), the 2080Å emission complex of Fe iii, the Mg ii emission line, and the characteristic shape of Fe ii emission complexes longward of Mg ii.
The small fractional increases in flux near 4250Å and 4700Å between our two spectra are at odds with what is seen at nearby wavelengths away from strong, saturated troughs. One possible explanation for the lack of change at these wavelengths is nearly saturated high-velocity C iv and Si iv absorption z = 2.035 (28,400 km s −1 outflow velocity). Another possible explanation would be high initial optical depths in Si ii and perhaps Ni ii, coupled with overlapping absorption from Fe ii and other transitions affecting those wavelengths.
Troughs which do not vary between the two epochs consist of absorption which is saturated in both epochs. The residual flux level in such a trough decreases with increasing covering factor of the gas, although the value of the covering factor cannot be established without knowing the continuum level. However, we can see that the narrow C iv systems have higher covering factors than the broad C iv trough. The covering factor is also higher for saturated troughs at shorter wavelengths, consistent with a continuum source size which is smaller at shorter wavelengths, due to short-wavelength emission being produced in high temperature regions preferentially located relatively close to the black hole.
Equivalent Width
The equivalent width difference between the two epochs is calculated in two ways: (1) with respect to a straight line connecting the two ends of the Mg ii, Fe ii or combined Mg ii+Fe ii troughs , (2) with respect to a non-BAL quasar composite fit to the later epoch at wavelengths longer than 9500Å (Reichard et al. 2003b) . Since the estimates are very similar we only report the linear estimate in Table 2 . The equivalent width of Fe ii absorption shows a dramatic decreases of about 49.59 ± 0.83Å while Mg ii absorption shows a decrease, during the Table 1 . The data are grouped in the g, r, and i bands indicated by the colors on the graph, as well as in the optical band provided by CSS (Catalina Sky Survey). <CSS> refers to the average value of CSS data discussed below.
same time interval, of about 29.02 ± 1.00Å, see column 2 in Table 2 .
Historical Photometry
J0841 is bright enough to have been detected in photographic plates in the last century. To search for variability over decadal timescales, we compared our SDSS magnitudes to measurements from the Palomar Sky Surveys (POSS-I, Palomar Quick V, and POSS-II). The results are shown in Table 1 . Magnitudes labeled Original in the Table are the averages of the magnitudes from the USNO-B (Monet et al. 2003) and GSC2.3.2 (Lasker et al. 2008) , when available, with the exception of the POSS-II J and F epochs. For those epochs, we use the re-calibrated magnitudes of Sesar et al. (2006) . The synthesized magnitudes (labeled Syn. in the Table) are what the historical surveys would have seen if this object had the same flux then as it did during the SDSS imaging epoch. Synthesized magnitudes are computed from the observed SDSS magnitudes using Monet et al. (2003) equations (2a) and (2b) for the POSS-I epochs, Sesar et al. (2006) equation (3) and Table 1 for the POSS-II epochs, and the equation of Jester et al. (2005) for the Palomar Quick V epoch. For the latter we adopt a nominal uncertainty of 0.20 magnitudes, while for the other synthesized magnitudes we adopt uncertainties equal to the quoted scatter in the relevant conversion equation.
To aid in searching for long term trends, for each epoch we also give an estimated magnitude in the SDSS band closest to the observed photometric band. For example, for photometric bands similar to the g band, we calculate gest = Original − Syn. + gSDSS. In other words, we translate the difference between the observed and synthesized magnitudes to the closest SDSS band, yielding a simplistic but useful estimate of the SDSS magnitude at different epochs.
Comparing the original and synthesized magnitudes at each epoch, and the estimated photometry in each individual filter over time, we see there is no evidence for a significant change in the magnitudes of J0841 prior to the SDSS imaging epoch.
For the two spectral epochs in Table 1 (SDSS and BOSS), the magnitudes listed are calculated from the spectroFlux values for each filter via mag = 22.5 − 2.5 × log 10 (spectroFlux). The uncertainties are the gRMSStd, rRMSStd, and iRMSStd values, which are already in magnitudes.
The data in Figure 3 was retrieved from the sources tabulated in Table 1 and from the CRTS. The g-band represents wavelengths in the visual range; the r-band lies just outside the range of visual in the infrared; the i-band has a wavelength in the near infrared. Refer to Table A1 for more wavelengths in the different bands. These data points were chosen for a range of MJDs specified from Table 1 . The g-band has 6 data points, the r-band has 5 data points and the i-band has 4 data points; despite the difference in the number of points, the relationship between the magnitude and Modified Julian Dates (MJDs) for the different bands is very similar. Focusing on MJDs between 47000−57000 where there are four data points for each filter, the trend is very similar. This and the fact that the change in the magnitudes of the individual bands are generally greater than the 2σ error leads to the conclusion that these changes in magnitudes are most likely due to an intrinsic property of the object.
The changes in flux are caused primarily by BAL variability. The continuum level is uncertain by ±10%, and so continuum variability can contribute to the flux variability at that level, but the flux varies by a much larger percentage. The constant flux at ∼4250Å observed rules out a substantial change in reddening as a cause of the increasing flux.
CRTS was another dataset used, specifically the CSS telescope (refer to section § 2 for more information on the survey). This data provides vital insights into the behaviour of the quasar. The grey data points in Figure 3 represent the direct CRTS data and the blue points are the associated averaged values of this data. The average data was calculated for 15 bins, each with a size of approximately 42.5 data points in length. The average values demonstrate a tangent hyperbolic curve; the magnitude was level at a constant value, then had a polynomial Figure 4. Spectra of J1231. The magenta and cyan curves on the bottom correspond to the 1-σ uncertainties of the flux in the red and blue epochs, respectively. The bottom axis shows observed-frame wavelengths, and the top axis shows rest-frame wavelengths at a redshift z = 1.0227. The tick marks inside the box are spaced every 100Å with labels every 500Å. The tick marks of the bottom axis (facing out) are spaced every 200 A with labels every 1000Å. The spectra are smoothed with a 5 pixel box-car weighted average.
change before leveling off again at another constant value. This change lies within a 2σ error as seen on the graph, which again implies a likely explanation stemming from an intrinsic property of the quasar and not due to an observing error or otherwise. It should also be noted that when scaling the data in the other bands, they follow a similar trend and shape to that of the CRTS data which provides further validity to the results.
Quasar J1231
Figure 4 is a plot of the spectra of J1231 from MJDs 53466 and 55591; there is obvious strong flux variability. McGraw et al. (2015) also report this variability; however, they report a lack of detectable strong variability in other spectra taken by them within about one rest-frame year of the MJD 55591 spectrum. Figure 5 is a plot of the same spectra normalized at wavelengths 7200 − 8400Å observed. Figure 5. Spectra of J1231 normalized over 7200−8500Å observed frame. The magenta and cyan curves on the bottom correspond to the 1-σ uncertainties of the red and blue epochs respectively. The bottom axis shows observed-frame wavelengths, and the top axis shows rest-frame wavelengths at a redshift z = 1.0227. The tick marks inside the box are spaced every 100Å with labels every 500Å. The tick marks of the bottom axis (facing out) are spaced every 200Å with labels every 1000Å. The spectra are smoothed with a 5 pixel box-car weighted average. Figure 6. Spectra of J1231 and a simulated second-epoch spectrum (cyan; see § 2.3.1). The red and blue curves on the bottom correspond to the 1-σ uncertainties of the flux in the red and blue epochs, respectively.
Power Law Fitting and Analysis
No spectrophotometric correction is needed for the BOSS spectra of this object, as its fiber was positioned to optimize throughput at the same central wavelength as for the standard stars.
To analyze absorption and continuum changes, we fit a power-law to this object's continuum. Such a fit is reasonable due to the relatively absorption free regions at rest-frame λ > 3000Å.
For each spectrum, we find the best-fit amplitude and slope of a power law continuum F λ = A(λ/3400.7Å) α , with λ being the rest-frame wavelength inÅ. The fitting regions used were 3021 ≤ λ ≤ 3100Å, 4145 ≤ λ ≤ 4157Å, and 4202 ≤ λ ≤ 4227Å, which are all continuum regions in the non-BAL composite spectrum presented in Vanden Berk et al. (2001) . These regions were chosen to give a good range of wavelengths in the nearly absorption-free region 3021 < λ < 4250Å. We note that the region 3021 ≤ λ ≤ 3100Å may contain weak absorption, but there is no evidence for strong absorption there in the normalized spectra. For J1231, for the first epoch we found α = −1.6 with χ 2 ν ≈ 0.787 and for the second epoch α = −1.8 with χ 2 ν ≈ 1.05. We estimate the systematic uncertainty to be ±0.2 for each index fit. These fits are used for black hole mass estimate (see next section) and simulation of quasar evolution (see next paragraph).
When our two spectra of J1231 are multiplicatively normalized by a constant factor equal to the ratio of their fluxes in the rest-frame 3600 -4200Å region, the profile of the low-velocity half of the Mg ii BAL is the same in both spectra, and the spectra longward of 3100Å are identical as well. That indicates identical brightenings of regions not covered by the Mg ii BAL (seen in the bottom of the BAL trough) and regions covered by it (which contribute most of the flux seen at wavelengths outside of absorption troughs). If instead only a part of the source uncovered by Mg ii had brightened, we would expect the second-epoch spectrum to be well fit by the first-epoch spectrum plus a smooth power-law component, which is not the case (see the cyan curve in Figure 6 ). Similarly, if only a part of the source covered by Mg ii had brightened, we would expect no change at Mg ii and an increase in flux at other wavelengths, which is not the case either.
The different behaviours exhibited by the Fe ii and Mg ii troughs indicate that Fe ii does not cover as much of the source as Mg ii. The possibility that the Mg ii and Fe ii covering is the same but the optical depth of Fe ii is less than that of Mg ii is less likely, because the shape of the Fe ii troughs between 2200 and 2600Å in the first epoch indicate strong saturation (Hall et al. 2002) .
Brightening of the entire continuum source could occur either through a change in mass accretion rateṀ propagating through the disk, or a change in outer disk illumination due to a sustained brightening of the inner disk. Evidence of outer disk illumination changes in response to emission changes close to a black hole has been seen by Edelson et al. (2015) .
Black Hole Mass Estimate
Unlike McGraw et al. (2015) , for J1231 we do not use the MBH and L bol values from Shen et al. (2011) because they are based on incorrect fits to the Mg ii region that ignore the absorption troughs. To estimate the black hole mass of J1231, we use the rest-frame FWHM of the Hβ line and the flux at 5100Å from the power law fit of the previous section. Using the suggested Hβ calibration of Assef et al. (2011) , we find log MBH = 9.313±0.077. For that MBH , we have L Edd = 3.08 × 10 47 erg s −1 using Eq. 3.16 of Netzer (2013) Table 3 . The data are grouped in the g, r, and i bands indicated by the colours on the graph, as well as in the optical band provided by the Catalina Sky Survey, CSS and the calculated averaged CSS, <CSS>. lar metallicity gas. Using F5100 = 5 × 10 −17 erg s
28 cm, and a 5100Å bolometric correction of BC5100 = 10.4±2.5 (Richards et al. 2006) , we find
46 erg s −1 . That luminosity yields L bol /L Edd = 0.058. The black hole mass and Eddington ratio are used to calculate transverse velocities of bulk motion in our discussion.
Trough Identification
As seen in Figure 7 , J1231 shows broad absorption from Mg ii, Fe ii, Fe ii * , blended Cr ii + Zn ii, Fe iii, and Al iii.
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Relative to the adopted systemic redshift of z = 1.0227, the absorption trough spans blueshifts of 7150 − 14830 km s −1 (z = 0.925 to z = 0.975). There is an uncertainty of ±160 km s −1 (±0.01 in z) on the start velocity, which was determined by finding the wavelengths at which the troughs of the ions mentioned above had reached on average half their maximum depth (the troughs have very well-defined long-wavelength edges). The end velocity is determined by where the troughs appear to recover to a local continuum, but is more uncertain (±480 km s −1 , or ±0.03 in z) due to blending with other troughs. The overall trough width is 7680 ± 510 km s −1 .
Equivalent Width
The equivalent width of Fe ii absorption shows a decrease of about 33.67 ± 1.51Å while Mg ii absorption decreases for about 14.44 ± 1.55Å between two epochs, see column 3 in Table 2 . Figure 9 . Spectra of FBQS J1408 showing continued decrease in absorption across three epochs. The corresponding curves on the bottom are the 1-σ uncertainties of the flux for all three epochs. The bottom axis shows observed-frame wavelengths, and the top axis shows rest-frame wavelengths. The top axis is labeled using a redshift of z = 0.848. The tick marks of the top axis are every 100Å with labels every 500Å. The tick marks of the bottom axis (facing out) are every 100Å with labels every 1000Å. The spectra are smoothed with a 5 pixel box-car weighted average.
Historical Photometry
Referring to Figure 8 , the g, r, and i data was taken from POSS-I, POSS-II, Palomar, SDSS, and BOSS as indicated in Table 3 and as described in § 2.3.5 above. This quasar is much dimmer in magnitude compared to J0841, however the trends in the data are very similar. The g, r, and i bands all follow similar patterns as Figure 3 . The CRTS data (see §2) is represented by the grey points and its averaged values are indicated in the blue. Since there are many evident outliers in this data, magnitudes brighter than 17 were neglected in the average value calculations. There are 10 bins each with a size of approximately 16 data points in length. The trend is linear however it still follows a similar projection as the CRTS data in Figure  3 .
Quasar J1408
The dramatic absorption variability in a time span less than 5 rest-frame years of this quasar was first discussed in Hall et al. (2011) . We present the continued decrease of this object's absorption in Figure 9 . As the absorption has conntiued to decrease, the underlying power-law spectrum of the quasar is quite obvious in these latest epochs. a All equivalent widths are measured inÅ. b Measured with respect to a line connecting the two ends of the trough in the later epoch ).
Power Law Fitting and Analysis
No spectrophotometric correction is needed for the BOSS spectra of this object. To analyze absorption and continuum changes, for each spectrum we find the best-fit amplitude and slope of a power law continuum F λ = A(λ/3400.7Å) α , with λ being the rest-frame wavelength inÅ. The fitting regions used were 3021 ≤ λ ≤ 3100Å, 4145 ≤ λ ≤ 4157Å, and 4202 ≤ λ ≤ 4227Å (the same as J1231). The index fits in ascending order of our three epoch are −1.6, −1.5, and −1.8. We estimate the systematic uncertainty to be ±0.2 for each fit. The associated χ 2 ν values are approximately 0.748, 0.678, and 0.561. These power law fits can be used to estimate black hole mass, however we adopt for continuity, the value given by Hall et al. (2011) .
Black Hole Mass Estimate
In Hall et al. (2011) , we found that this object has MBH = (3.15 ± 0.35) × 10 9 M⊙, which yields a Schwarzschild radius of R Sch = 9.3 × 10 9 km. We also found L bol = (2.74 ± 0.62) × 10 46 erg s −1 which yields L bol /L edd = 0.07 ± 0.02 for this object, using the mean bolometric correction of Richards et al. (2006) . Note that the accretion disk size for J1408 given in Hall et al. (2011) is in error. The diameter D2700 within which 90% of the 2700Å continuum is emitted for a non-rotating black hole with the parameters given above for J1408 is 68 R Sch , or 6.33 × 10 11 km. The black hole mass and Eddington ratio were used to calculate transverse velocities of bulk motion in our discussion.
Trough Identification
In the later BOSS spectrum of J1408, the only absorption present is from Mg ii; Fe ii is seen in emission, not absorption. We also confirm the finding of Zhang et al. (2015) that Hβ absorption was present in J1408 up to and including the SDSS epoch.
Equivalent Width
The equivalent width of Fe ii absorption decreases for about 18.92 ± 0.25Å from 2006 to 2010 while Mg ii equivalent width decreases at the same time for about 17.24±0.39Å. From 2010 to the last epoch in 2013 (BOSS spectrum), the Fe ii absorption decreases slowly for about 7.53 ± 0.32Å while Mg ii equivalent width decreases dramaticaly for about 14.04 ± 0.50Å, by a factor of 3 faster than Fe ii decrease in two earlier epoachs, see column 4 and 6 in Table 2 .
Historical Photometry
We provide updated synthetic photometry for J1408 in Table 4 . From comparison of estimated g magnitudes to those measured in 2004 (the SDSS imaging epoch) when the absorption was weakening, we infer that the absorption was stronger in the photographic epochs, with the Table 4 . The data are grouped in the g, r, and i bands indicated by the colours on the graph, as well as in the optical band provided by the Catalina Sky Survey, CSS and the calculated averaged CSS, <CSS>.
possible exception of the Palomar Quick V epoch (see Fig.  10 ). The estimated g magnitude in that epoch is consistent with the value in the SDSS epoch and is brighter than found in the POSS-I and POSS-II epochs at 2.2σ and 3.8σ significance, respectively. Unfortunately, with only one discrepant magnitude we cannot confirm that it represents a period of decreased absorption in the early 1980s. (We did not identify the Quick V epoch as discrepant in Hall et al. (2011) because in that work we assumed a red B − V colour and used our highly uncertain V magnitude to estimate the g magnitude at the quick V epoch. Here, in contrast, we use the accurate SDSS g and r magnitudes to synthesize the V magnitude that would have been measured in the SDSS epoch.) Figure 11 displays the SEDs in the rest frame for J0841, J1231, and J1408 using their respective redshifts from § 2.1. The data points are the UV range from GALEX (J0841 and J1408 are in the fUV and J1231 was calculated in the nUV) followed by u, g, r, i, z from SDSS, then J, H, K from 2MASS and the final four points from WISE. J0841 and J1408 both have points in the J, H, K bands from 2MASS, however J1231 does not contain data in those bands hence the gap in its plot. Refer to Table A1 for further detail on this data. The infrared-luminous and infrared-dim SEDs shown were constructed in Richards et al. (2006) by dividing their sample at the median luminosity in the rest-frame 1 − 100 µm band. These data sets allow comparisons of each quasar to be made regarding their brightness in the infrared. The final four infrared points are the key aspects to focus on.
SEDs
As J0841 clearly falls beneath the magenta and grey, it suggests the quasar is underluminous in the infrared. The slope of the three shortest-wavelength WISE data points for J0841 is −1.44. This is a very unusual slope in comparison to the slopes of > −0.7 found for essentially all the 2,964 z ≃ 2 BAL quasars of Zhang et al. (2014) in their Fig. 2 . J1231 differs in this regard as it lies slightly above the magenta and grey lines, which indicates it is fairly infrared bright but not intensely so. If one were to shift the magenta and grey plots up to match the J1408 i-band point, it would appear this quasar is more infrared luminous than J1231.
The SEDs of the three quasars do not display similar trends and thus no explicit correlation between the SEDs and the outflows can be made. Variability in the opti- cal rest-frame, due to the different epochs at which the datasets were obtained, affects the relative position of the optical with respect to the infrared and consequently the normalization of the SEDs plotted for comparison. However, the BOSS and WISE data points were taken at similar epochs, and so optical variability is unlikely to explain why in the infrared one of our quasars (J0841) appears underluminous and the other two appear more luminous than average.
DISCUSSION
Implications
We have reported three cases of FeLoBAL quasars whose Fe ii absorption has weakened dramatically. McGraw et al. (2015) report the same for SDSS J120337.92+153006.7. Zhang et al. (2015) report the same for FBQS J072831.6+402615 and also report that FBQS J152350.4+391405 is an object wherein the Fe ii and Mg ii absorption strengthened between two SDSS epochs and has stayed strong since (their Fig. 2) . The detection to date of five overlapping-trough FeLoBAL quasars whose Fe ii absorption has weakened dramatically and only one where it has strengthened raises the question: does the sample from which they were drawn contain an equal number of FeLoBALs in which Fe ii absorption has strengthened dramatically?
The answer may depend on the cause of the variability. If we are observing fluctuations in winds due to motion of absorbing structures across our line of sight (or due to short-term variable ionizing flux with no consistent long-term trend), then equal numbers of quasars with weakening and strengthening Fe ii absorption are expected. (The possible past epoch of decreased absorption in J1408 discussed in § 2.4.5 is possible evidence of such fluctuations.)
If we are seeing winds that are transitioning permanently to higher ionization, then whether or not we see quasars with strengthening Fe ii absorption depends on how strong the typical reddening from dust is in such quasars. If quasars with strengthening Fe ii absorption represent the birth of FeLoBAL outflows, and if such outflows are all born in heavily dust reddened quasars, then such quasars will be underrepresented in optical quasar surveys. As a result, optical quasar surveys will show an excess of FeLoBAL quasars with weakening Fe ii absorption. For example, Figure 1 of McGraw et al. (2015) shows twelve FeLoBAL quasars whose normalized spectra show strengthening absorption in only one region of one spectrum (SDSS J142703.60+270940.0), although their Figure A does show that SDSS J121442.30+280329.0 showed both slightly weakening and slightly strengthening absorption when observed at multiple epochs.
Transverse Velocities
Assuming the vanishing Fe ii in these objects is due to the motion of the BAL outflow across our line of sight, some constraints may be placed on the transverse velocity of the BAL outflow.
Our single rectangular flow tube (SRFT) simulations consist of the following. First, a square space the width of the accretion disk is created and populated with flux data at a specific wavelength. This is done assuming that the temperature of the disk is given by Eq. 4.23 of Netzer (2013) and the disk is a black-body radiator. Then, horizontal clouds are swept across the square space assuming full opacity to flux. The horizontal clouds vary in width and closest approach to the black hole. The maximum and minimum distance a cloud can travel to go from one covering fraction (CF) to another seen in the SDSS epochs gives us a maximum and minimum velocity of the clouds. The CF was measured by plotting the best fit power-laws for each spectrum and calculating the fraction of flux missing at the specific wavelength according to the power-law fit. We round to 1 significant digit to represent the significant uncertainty.
In the case of J0841, the smooth 'S curve' change in magnitude seen in CRTS photometry corresponds to simulations of SRFT across the accretion disk. Using simulations of SRFT, the change in flux of the Fe ii absorption pattern around 2525Å rest-frame seen in the two epochs (going from a covering factor of ≃0.6 to ≃0.2 in 556 restframe days) could be caused by transverse motion at velocities roughly 10, 000 km s −1 to 42, 000 km s −1 . Using the simple outflow model of Hall et al. (2011) , we obtain a very similar range of 11, 000 km s −1 to 34, 000 km s −1 . We also obtain a constraint of 4700 R Sch < dBAL < 42, 000 R Sch for the distance of the BAL region in J1231 from the continuum source.
Because the CRTS photometry for J1231 has more scatter, and because J1231 showed increased continuum flux as well as weakening BAL troughs, there is more uncertainty about a transverse motion explanation for its behavior than for that of J0841. Nonetheless, transverse motion is not ruled out, so we quote the results of applying the same models for that scenario to J1231. We find that the change in flux of Fe ii absorption around 2500Å rest-frame (going from a covering factor of ≃0.7 to 0.3 in 1146 rest-frame days) could be caused by transverse motion at velocities roughly 1000 km s −1 to 4000 km s −1 . (Our inferred velocities are larger than those of McGraw et al. (2015) for J1231 because we adopt a larger MBH and because we do not assume a uniformly emitting continuum source.) Using the simple outflow model of Hall et al. (2011) , we obtain a very similar range of 1000 km s −1 to 5000 km s −1 . We also obtain a constraint of 10 4 R Sch < dBAL < 8 × 10 4 R Sch for the distance of the BAL region in J1231 from the continuum source.
For J1408, using the corrected disk size of § 2.4.2 and the simple outflow model of Hall et al. (2011) , we obtain a transverse velocity between 4,400 km s −1 and 32,400 km s −1 . (The large range arises because the timescale over which the absorption varied is only constrained to between 226 < t < 1849 rest-frame days.) We also obtain a constraint of 5400 R Sch < dBAL < 42, 000 R Sch for the distance of the BAL region in J1231 from the continuum source.
Note that all the transverse velocities given here are lower limits in the sense that microlensing observations indicate that quasar accretion disks are a factor of ∼4 larger in diameter than predicted by the standard accretion disk theory used in our calculations (Morgan et al. 2010 ). Higher transverse velocities require the BAL absorbers be located at smaller distances from the central black hole. Relatively small distances (and relatively high densities) for the absorbers in overlapping-trough FeLoBAL quasars are also indicated by the photoionization study of Zhang et al. (2015) , but see also Lucy et al. (2014) .
Ionization Variability
Variability in the ionization state of the absorbing gas was considered as an explanation for dramatic Fe ii variability in Hall et al. (2011) , but was deemed unlikely. Since that time, however, it has been shown that at least half of C iv BAL variability is coordinated between widely separated troughs in the same object; see § 4.7 of Filiz Ak et al. (2013) . Such variability is most naturally explained by ionization variability in the absorbing gas.
The level of near-UV continuum variability of a quasar unfortunately does not constrain its level of ionizing flux variability, because quasars are more variable in flux at shorter wavelengths; see the discussion and references in § 4.2.1 of Grier et al. (2015) . Thus, even though only one among the three quasars in this paper shows an increase in near-UV continuum flux accompanying the disappearance of Fe ii absorption, ionization variability remains a plausible explanation for the absorption changes.
There is circumstantial evidence for photoionization variability in J1231, as both the continuum and the absorption have changed. For example, an increase in extreme-ultraviolet ionizing flux accompanying the observed near-ultraviolet flux increase may ionize enough Fe ii to Fe iii to change the Fe ii absorption features. However, due to the many unconstrained parameters for such a scenario in this object, modelling these changes is beyond the scope of this paper.
Mg II and UV Fe II Emission Line Blueshifts
As mentioned in passing in § 2.1 of Hall et al. (2011) , the Mg ii emission peak in J1408 is blueshifted from the Balmer-line systemic redshift of z = 0.848 ± 0.001. BOSS spectra of J1408 also confirm blueshifts for UV Fe ii emission lines shortward of ∼3000Å, which arise from energy levels ≤ 1 eV above the Fe ii ground state, but not for longer-wavelength Fe ii emission lines which arise from higher-excitation levels. If we conservatively adopt the DR12Q redshift of z = 0.8310 ± 0.0004 to represent the Mg ii redshift, as shown in Figure 12 , we find a blueshift of 2800±200 km s −1 . 2 This is an extremely large blueshift for Mg ii, as can be seen from Fig. 13 of (Pâris et al. 2012 ). This blueshift for Fe ii contradicts the tendency in lowredshift quasars for Fe ii to be redshifted with respect to Hβ (Hu et al. 2008) .
To determine if J1408 is exceptional in this regard, or if other overlapping-trough BAL quasars have similar velocity offsets which are masked by very strong absorption cutting into their Mg ii emission lines, we inspected four other overlapping-trough FeLoBAL quasars with coverage of Hβ in SDSS or BOSS spectroscopy. In three cases 3 the Mg ii emission was too strongly affected by absorption to determine its velocity offset.
For the fourth case, SDSS J152350.4+391405 (J1523), we measure a tentative Mg ii blueshift of 1100 ± 300 km s −1 relative to the Hβ redshift of z = 0.6609 ± 0.0022. The emission-line blueshifts of this object and J1408 are shown in Figure 13 . The blueshift in J1523 is tentative because the emission in that object is also affected by broad Mg ii and Fe ii absorption (Fig. 2 of Zhang et al. 2015) , although any decrease in absorption seems likely to reveal a larger blueshift, as happened in J1408 -see Hall et al. (2011) Figure 2 and § 2.1. In addition, Zhang et al. (2015) used their own follow-up spectroscopy of FBQS J072831.6+402615 to show it is another example of an FeLoBAL quasar with vanishing Fe ii absorption. Their Fig. 1 appears to show that this quasar has an even larger blueshift of its Mg ii emission relative to Hβ, by about 6000 km s −1 . We tentatively conclude that the emission lines of Mg ii and of UV Fe ii transitions are blueshifted by over a thousand km s −1 relative to the Hβ redshift in FeLoBAL quasars with substantially variable Fe ii absorption. The most straightforward interpretation is that those emission lines arise predominantly in outflowing gas with a substantial velocity component along our line of sight in those objects. If that interpretation is correct, the continued presence of emitting gas flowing toward us in these quasars would imply that their Fe ii absorption variability is likely due to transverse motion of gas out of our line of sight. If the absorption variability is due to changing ionization, more lines of sight than just ours would be affected but we would see the effects on those sightlines later (due to geometric time delays), and blueshifted emission lines should weaken over time as we see the wind outflowing in other directions being shifted to higher ion- Figure 12 . The blue and red curves are the Keck and SDSS spectra of J1408, respectively, from Hall et al. (2011) and the black curve is the later of the two BOSS spectra. All spectra are smoothed by a 5-pixel boxcar, with 1-σ uncertainties shown along the bottom. The top axis shows the rest frame at z = 0.848 (the Balmer-line and adopted systemic redshift), and vertical lines in the bottom half of the figure show the expected positions of various transitions at that redshift. Vertical lines in the top half of the figure show the expected positions of those same transitions at z = 0.831, the adopted Mg ii and UV Fe ii redshift. The significant redshift difference between those lines and the Balmer lines is apparent. ization. Spectral monitoring of these quasars should be able to distinguish between these possibilities.
It is not known if other FeLoBAL quasars or non-BAL quasars with strong Fe ii emission exhibit a similar Mg ii and UV Fe ii emission-line blueshift. Any such shift in non-BAL quasars will be typically lower in magnitude if non-BAL lines of sight are typically found at larger angles to the outflow directions.
CONCLUSIONS
Our conclusions are the following.
• We report a dramatic decrease in iron absorption strength in the iron low-ionization broad absorption line quasar SDSS J084133.15+200525.8.
• We report on the continued weakening of absorption in the prototype of this class of variable broad absorption line quasar, FBQS J140806.2+305448.
• We also report a third example of this class, SDSS J123103.70+392903.6; unlike the other two examples, it has undergone an increase in observed continuum brightness (at 3000Å rest-frame) as well as a decrease in iron absorption strength.
• We note that the Mg ii and UV Fe ii lines in several FeLoBAL quasars are blueshifted by thousands of km s −1 relative to the Hβ emission line peak. We suggest that such emission arises in the outflowing winds normally seen only in absorption.
• We conclude that these changes could be caused by absorber transverse motion or ionization variability.
• Finally, to help distinguish between the two scenarios (ionization variability and transverse motion of the BAL outflow), we suggest two systematic concurrent spectroscopic observations in the X-ray and visual bands before and after the disappearance of Fe ii absorption lines in potential candidates like J1231, J1408 and J0481. For example, such observations could be triggered if an Fe ii vanishing episode was caught early enough in its evolution. Spectroscopic monitoring of quasars with known Fe ii vanishing episodes may also help to distinguish between these possibilities. Figure A1 . This graph demonstrates the relationship between the observed wavelength and flux of Quasar J0841. The optical spectrum shown in purple was obtained from the SDSS; also shown is the fUV, u, g, r, i, z, j, h, k bands, as well as WISE1, WISE2, WISE3 and WISE4 shown near the trail end of the graph.
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APPENDIX A: SPECTRAL ENERGY DISTRIBUTIONS (SEDS)
A1 Flux vs. Wavelength
In order to calculate the flux in Figures A1 and A2 , we found the designated zero flux and absolute magnitudes (along with their associated uncertainties) from the corresponding sources listed for each filter and telescope system in Table A1 . After that, simple flux-magnitude computations were done to calculate the flux in each of the required bands. The Observed Wavelengths were calculated as a log scale due to the large gap between the wavelengths, i.e starting at 2000Å in the UV range and ending at 220883Å in the infrared. Due to this large scaling of wavelengths, the ticks shown for the Observed Wavelengths are not evenly marked, rather they are displayed Figure A2 . This graph demonstrates the relationship between the observed wavelength and flux of Quasar J1231. The data are the optical spectrum (SDSS DR7), the nUV, u, g, r, i, and z bands, and the WISE1, WISE2, WISE3, and WISE4 bands shown as the last four points on the graph. Figure A3 . This graph demonstrates the relationship between the observed wavelength and flux of Quasar J1408. The purple spectrum was retrieved from BOSS, photometric data in the fUV, u, g, r, i, z, j, h, and k bands are displayed, as well as in the WISE1, WISE2, WISE3, and WISE4 bands shown as the last four points on the graph.
based on the log scale. It should be noted that A1 displays the UV data point in the far-ultraviolet (fUV) range and A2 has the UV point in the near-ultraviolet range (nUV). Table A1 displays the data of the bands with the corresponding wavelengths, zero flux, magnitudes, flux, and data sources for J0841 and J1231. These two graphs, as well as the tabular data in Table A1, again demonstrate that J0841 is much brighter in magnitude and flux compared to J1231, hence the lack of 2MASS data (j, h, k bands) for J1231. However, comparing the data of the two graphs similar trends are present. Figure 4 from Hall et al. (2011) also displays a flux vs magnitude graph for J1408; an updated and more comprehensive version of these data is displayed in Figure A3 and numerically in Table 4 . Comparing A3 with A1 and A2, J1408 shows complementary results with J0841 and J1231 as the trends in their flux to wavelength relationships show similar patterns. This suggests the changes occurring with these quasars result from an innate property and not due to outside influences.
For Figures A1 and A2: the optical spectrum was obtained from the SDSS taken by the seventh data release DR7.
